Syrian Golden hamsters develop more severe emphysema than Sprague Dawley rats after intratracheal instillation of the same dose of elastase/body weight. Although species variations in antielastase defenses may largely explain these results, other variables such as differences in lung antioxidants cannot be overlooked since oxidative stress modulates antiprotease activity. We propose that elastase instillation might affect lung glutathione (GSH) metabolism differently in these species. Our aim was to study in hamsters and rats, lung glutathione metabolism at different times, from the stage of diffuse alveolar damage to advanced emphysema. We measured total and oxidized glutathione (GSSG) content as well as activity and expression of enzymes related to GSH synthesis and redox cycling: γ-glutamylcysteine synthetase (γ-GCS), glutathione peroxidase (GPx) and glutathione reductase (GRd). Whereas rats showed no significant changes in these measurements, hamsters showed significant derangement in GSH metabolism early after elastase instillation: 25% fall in total GSH (p<0.05) with no increase in GSSG associated with reduced enzyme activities 24 hours after elastase (60% for γ-GCS (p<0.01), 30% for GPx (p<0.01) and 75% for GRd (p<0.001)). GSH homeostasis was restored at the end of the first week, involving transient increased expression of these enzymes.
INTRODUCTION
Mechanisms involved in the pathogenesis of pulmonary emphysema have been studied in animal models following elastase intratracheal (IT) instillation. A single dose of the protease in rodents induces within hours, diffuse alveolar damage, with edema, hemorrhage, inflammatory cell infiltration and rapid destruction of the extracellular matrix, resulting in airspace enlargement (25, 28, 29, 34, 39) , that continues to develop over weeks and months (4, 5, 21) . However, the severity of permanent lung damage after the initial injury differs among Syrian Golden hamsters and Sprague Dawley rats.
Indeed, the same dose/100g of body weight of elastase induces in hamsters a destructive lesion that resembles human panacinar emphysema whereas in rats the emphysema is significantly less severe (4, 5, 21) , suggesting that rats have more effective protective mechanisms against elastase-induced injury.
The capacity to counteract the instilled elastase in animal models is mostly dependent upon the activity of alpha1-antitrypsin (α1-AT), the main lung antiprotease (28). Species differences in anti-elastase activity by α1-AT might explain the development of a more severe emphysema in the hamster, since this animal has a lower serum and lung α1-AT concentration compared to the rat, as we (5) and others (19) have shown. However, species variations in the amount of antiprotease defenses might not be the only mechanism involved. Other factors, namely those affecting functional activity of antiproteases cannot be overlooked. In this context, the role of antioxidants has not been studied. Oxidative stress is known to diminish α1-AT affinity for elastase, by oxidation of a methionine residue at its active site, leaving more free elastase to interact with lung matrix components (9,10,11,20,26) thus worsening the elastase-induced imbalance between proteases and antiproteases (9,10,11,20,26).
The large initial inflammatory reaction and the persistent mild inflammatory cell infiltrate in the lungs during late stages of elastase-induced emphysema (4) , represent an important source of reactive oxygen species that could alter oxidant/antioxidant balance and contribute to redox regulation of antiprotease function, depending on the antioxidant reserve of each species.
Recent evidence for the modulation of elastase-induced lung damage by antioxidants has been provided by Rubio et al., who reported the attenuation of elastase-induced emphysema in rats after oral administration of N-acetylcysteine (33), a well known glutathione (GSH) regenerator. Glutathione and its related enzymes form part of the main antioxidant system for the maintenance of intracellular redox balance (32).
Significant changes in glutathione metabolism that include up-regulation of several genes encoding glutathione-related enzymes have been reported in the lungs of humans and animals exposed to cigarette smoke, a well known oxidant source (14, 17, 27, 31, 43) . In contrast, glutathione metabolism in the lungs of elastase-treated animals (i.e. lacking the participation of exogenous oxidants) has not been studied.
We hypothesized that there are changes in GSH metabolism in the lungs of hamsters and rats after IT instillation of elastase and that these changes are species specific and affect more the hamster than the rat lung, thus enhancing the species differences in elastase inhibitory capacity due to differences in α1-AT concentration.
The aim of our work was to study several aspects of glutathione metabolism in the lungs of rats and hamsters prior to and after elastase instillation. In basal conditions and at different time points after elastase instillation, we measured lung total and oxidized glutathione content and the activity and expression of the rate-limiting enzyme in glutathione synthesis: γ-glutamylcysteine synthetase (γ-GCS) also named γ-glutamylcysteine ligase (γ-GCL); as well as the activity and expression of the enzymes involved in GSH redox cycle: glutathione peroxidase (GPx) and glutathione reductase (GRd).
Notwithstanding the control of factors like cigarette smoking, a large variability exists in COPD development among human subjects with α1-AT genetic deficiency, reflecting the fact that in many cases, there are other mechanisms beside low levels of the antiprotease that contribute to emphysema development, although they remain poorly understood. The identification of an oxidant-antioxidant imbalance contributing to worsen the effects on the lung of a low level of α1-AT in a model that lacks the oxidant burden of cigarette smoke, could allow the design of studies using antioxidants to protect functional activity of α1-AT in susceptible individuals with low levels of the antiprotease. In addition, since several types of evidence suggest that genetic modifiers of α1-AT deficiency do exist, it could be possible to study genes involved in GSH metabolism as potential genetic factors relevant to variable disease expression in individuals with α1-AT deficiency as well as in COPD unrelated to this deficiency.
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METHODS
Animal handling
The study was performed in adult male Sprague-Dawley rats and Syrian Golden hamsters (pre-treatment body weight: 250±10g and 100±10g respectively) in accordance with guidelines from the Animal Care and Use Committee at our institution.
The protocol was approved by the School of Medicine Ethics Committee.
Under anesthesia with chloral hydrate (45 mg/100g body weight, IP), a small cervical skin incision was performed to separate the strap muscles and expose the trachea, which was punctured with a 25G needle for the administration of the pancreatic elastase solution (Sigma, USA; 0,55 U/100g body weight, in 0.5 or 0.3 ml of 0.15M sterile NaCl, respectively). After recovery from anesthesia, animals were fed ad libitum and maintained in the animal care facility with a 12-hour dark/light cycle.
For both species, three groups of animals (n=5 each) without receiving elastase, maintained for the same period of time under similar conditions, served as controls: a) controls without intervention b) controls undergoing cervical skin incision and c) controls undergoing cervical skin incision and IT instillation of saline solution.
Animals were sacrificed with an overdose of IP chloral hydrate, at 4, 12, 24 hours and 4, 7, 15, 30 and 60 days after elastase (n=8 per group after 20% lethality rate postelastase). In rapid succession, the animal abdomen was opened and the vena cava sectioned to allow for exsanguination, prior to freeze-clamping of the right lung, using liquid nitrogen and storage at -80ºC.
Evaluation of disease severity:
In another group of animals, the left lung served to obtain the dry weight/wet weight ratio whereas the right lung underwent bronchoalveolar lavage (BAL) to measure total protein content, hemoglobin content, total GSH level and immunoreactive alpha1-AT by Western Blot (n=8 at 4 and 24 hours and 4 and 7 days).
Total and oxidized glutathione content
Lung tissue samples were homogenized in 5% sulfosalycilic acid to produce 10%
homogenates. After centrifugation, total glutathione content was immediately measured using the DTNB-GSSG reductase recycling assay, modified by Griffith (15) . Results were expressed as nmol of glutathione (GSH) equivalents per gram of wet weight either as absolute values or as percent of control. For oxidized glutathione (GSSG), derivatization with vinylpyridine was used and the assay run in the same way as for total glutathione. Results were expressed as nmol of GSH equivalents per gram of wet weight and as the GSSG/Total GSH ratio.
Total GSH content in BALF was expressed as nmol/ml of recovered fluid.
Enzyme activities a) γ-glutamylcysteine synthetase (γ-GCS) = γ-glutamylcysteine ligase (γ-GCL).
Lung tissue samples were rapidly homogenized in 1:10 buffer Tris-HCl, pH 8.0. After centrifugation, the activity of γ-GCS was measured in the supernatant, using the coupled assay with pyruvate kinase and lactate dehydrogenase, according to the method described by Seelig and Meister (35). The rate of reduction in absorbance at 340 nm and 37°C was followed. Enzyme specific activity was defined as micromols of NADH oxidized per minute per milligram of protein, which is equal to 1 IU. Results were expressed as IU/mg protein, either in absolute values or as percent of control values.
b) Enzymes of the glutathione redox cycle
Lung tissue samples were homogenized (1:10) in 10 mM potassium phosphate buffer pH 7.4 supplemented with 30 mM KCl. After centrifugation, the supernatant was stored at -80ºC for prompt determination of enzyme activity.
Glutathione peroxidase (GPx) activity was assayed according to Gunzler et al (16) 
b) Semiquantitative Real Time RT-PCR:
Expression levels for the mRNAs of the target genes (γGCS, GPx and GRd) normalized to an internal control, 18S ribosomal RNA (18S), were monitored over the first 7 days after elastase instillation. PCR was performed using specific primers for γGCS, GPx, GRd and 18S (Table 1) ΔΔC T = (C T,Target -C T,18S ) time X -(C T,Target -C T,18S ) time 0 .
Equation 1
Where, (C T,Target -C T,18S ) time 0 represents normalized expression in controls, and (C T,Target -C T,18S ) time X is the normalized expression at the different time points of the study.
The relative fold expression (RFE) of the target genes was calculated as in Equation 2:
Equation 2
The efficiency of PCR amplification for γGCS, GPx, GRd and 18S cDNAs was confirmed in a series of validation studies prior to quantitation. Melting temperature curves were used to evaluate the specificity of the amplification products.
α1-AT in bronchoalveolar lavage fluid after treatment with elastase
Equivalent volumes of BALF from control and experimental animals were separated on a 10% PAGE and immobilized onto polyvinilidene difluoride membranes, After blocking, membranes were incubated first, with an antihuman α1-AT rabbit antibody (1:2,000, overnight, Sigma) and then, with an antirabbit Ig G peroxidase-conjugated goat antibody (Pierce, Rockford, IL:1:10,000), two hours at room temperature. α1-AT was visualized with enhanced chemiluminescence (Amersham, Piscateway, NJ) and Kodax X-ray film.
Statistics
Data are presented as the mean ± 1 SEM and as percent of control values at each time point. One-way analysis of variance (40) was used. When significant F values were found, the Tukey post-hoc test was applied. The Mann-Whitney U test was used to identify differences between two groups. Non-linear regression and curve fitting were carried out in SPSS 13.0 for Windows. A p value < 0.05 was considered statistically significant.
RESULTS.
Species differences in basal lung glutathione metabolism (control group).
When comparing the three control groups for each of the species, values for GSH and GSSG content and for the GSH-related enzyme activities were not significantly different, thus data from control animals were analyzed as a single group. Table 2 summarizes the values obtained for total and oxidized glutathione content in the lungs of control hamsters and rats. The hamster lung showed a significantly higher total glutathione content than the rat lung (p=0.03). The higher total glutathione content found in the hamster lung is mainly due to a higher GSH content, since neither GSSG content nor the GSSG/Total GSH ratio were significantly different between hamsters and rats.
a) Total and oxidized glutathione content
b) Enzyme activities
Table 2 also shows that hamsters and rats have marked differences in their basal GSH-related enzyme activities. γ-GCS, the rate limiting enzyme in glutathione synthesis, is less than half as active in the hasmter lung as it is in the rat lung (p<0.001).
In relation to the glutathione redox cycle enzymes, while the activity of GPx is significantly lower in hamster than in rat lung (p<0.001), GRd activity is higher in hamster than in rat lung (p<0.001). Figure 1 depicts the most important regulators of glutathione availability in hamster and rat lung cells. The high GRd activity enables hamster lung cells to maintain their reducing environment efficiently, rendering them less dependent on regulation via their GSSG efflux system. Thus, the hamster lung cells might be less dependent on GSH synthesis to sustain intracellular GSH levels. In comparison, rat lung cells appear to regulate their intracellular reducing environment by increased GSH synthesis to compensate for a less effective GSSG reduction by GRd.
Species differences in lung GSH metabolism after IT elastase instillation.
a) Time course of changes in total and oxidized glutathione content Figure 2 illustrates the changes in tissue total, reduced and oxidized glutathione content after elastase instillation into the lungs of hamsters and rats.
In hamsters, 4 hours after elastase, total glutathione levels were still within control values. At 12 and 24 hours there was a 25% drop in total glutathione content (p<0.05, GCS activity observed 12 hours after elastase instillation was coincident with the maximal depletion in total glutathione content (shown in Figure 2 A), whereas recovery of enzyme activity preceded total glutathione content recovery.
In contrast, rat lung γ-GCS activity was not affected by the procedure (Figure 3 B) .
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A fourfold increase in γ-GCS mRNA expression was observed in hamsters 24 hours after elastase, at the time enzyme activity started to recover ( where t is time in hours, and 66.8, 3.03 and 0.5 are constants.
Concordantly, γ-GCS activity was restored back to baseline, following a similar best fit where t is time in hours, and 15.9, 16.4 and 0.5 are constants.
Markers of severity of elastase-induced acute lung injury
Hamsters and rats differed in the type of lung response after treatment with elastase. Table 3 shows significant differences in markers of hemorrhage and of increased alveolar-capillary permeability to proteins between hamsters and rats. Hamsters exhibited a large increment in BALF hemoglobin content in the first hours after elastase, reaching 7.5 (p<0.01) and 5.7 (p<0.05) times the control value at 4 and 24 hours respectively. In rats, the increment in BALF hemoglobin content was of a lower magnitude and occurred at a later time (only 2.8 times the control value at 24 hours, p<0.05).
Instead, rats showed evidence of a large increase in permeability 24 hours after elastase, with almost a tenfold increase in BALF total protein content (p<0.001) and a reduction in the lung dry wt./wet wt. ratio (p<0.05). In hamsters, the increase in alveolarcapillary permeability was modest, with less than a twofold increase in BALF total protein content at 24 hours (p<0.05) and no significant change in the dry wt./wet wt.
ratio. In hamsters (Figure 7 B) , control and 7 day-BALF samples showed almost undetectable levels of α1-AT immunoreactivity. As a result of elastase instillation, immunoreactivity in the 52-60 kDa, corresponding to the native α1-AT exhibited either one or two bands. In this species, the 88 kDa band corresponding to the [elastase+α1-AT] complex and the 48 kDa band corresponding to the proteolytic fragment were not observed. These results were confirmed in gels with equivalent protein loading. In the control lane of the rat gel (Figure 7 C) there was a paucity of high molecular size proteins in BALF whereas 24 hours after elastase treatment, BALF samples revealed the full spectrum of serum proteins, reflecting the loss in the size-selective barrier function of the alveolar capillary membrane, which was later restored 7 days after elastase instillation.
Species differences in BALF α1-AT electrophoretic pattern
In hamsters, on the other hand (Figure 7 D) , there was only a small increase in BALF total protein content after elastase treatment (see also data on Table 3 ) with mainly small molecular size proteins contributing to total protein content. Thus, at 24 hours BALF protein profile was significantly different from the matched serum protein profile.
These results suggest that there are species differences in alveolar capillary permeability changes after elastase treatment influencing BALF α1-AT levels differently.
In addition, whereas the rat showed evidence of elastase-α1-AT complex formation (88 kDa and 48 kDa bands) in hamsters that evidence was not present, suggesting functional inhibition of α1-AT.
DISCUSSION
Our results showed significant interspecies differences in lung glutathione metabolism between Syrian Golden hamsters and Sprague-Dawley rats both at baseline and in the stage of diffuse alveolar damage induced by the same dose/100g of body weight of IT elastase. Whereas the hamster lung, highly susceptible to injury by elastase, showed early total glutathione depletion and significant inhibition of the main enzymes involved in its metabolism, the less susceptible rat lung exhibited subtle or no reduction in GSH content or in GSH-related enzyme activities after elastase instillation. Homeostasis of GSH in the hamster lung was restored within 7 to 15 days, involving increased expression of the three enzymes studied, whereas no change in expression was found in rats. This early disruption in GSH metabolism renders the hamster lung more vulnerable to functional inhibition of α1-AT by inflammatory cell-derived oxidants (9,10,11,20,26) and thus, more susceptible to elastase than it would be considering only its low α1-AT serum level (5,19).
1.
Elastase-induced lung injury is not associated with up-regulation of GSH-
related enzyme activity in any of the species. Since persistent mild chronic inflammation has been postulated as one of the mechanisms involved in progression of emphysema in this model, we had expected to find an up-regulation of GSH-related enzyme activity in response to the inflammatory cell-derived chronic oxidant burden, similar to what has been shown by others with cigarette smoke (14, 17, 27, 42) . Instead, after the early derangement in GSH metabolism during the stage of diffuse alveolar damage in hamsters, no further changes were observed, suggesting that GSH only plays a role in the early inflammatory stages of elastase-induced lung injury. In other words, in our model, the mild chronic inflammatory cell infiltrate that persists (4) and likely contributes to the progression of emphysema, seems not enough to represent a significant stimulus for the up-regulation of enzymes involved in GSH metabolism. A common underlying feature in our model and in the two conditions mentioned above, is the acute inflammatory response involving the release of mediators with potential effects on GSH metabolism. In this regard, it has been shown in mice, that IT instillation of elastase mediates the release of several growth factors from the lung in vivo (8). One of them is transforming growth factor -β 1 (TGF-β 1 ), which is released into BAL fluid in a time-dependent manner, reaching maximal levels 1-2 hours after elastase (8). TGF-β 1 is a key regulator of tissue repair mechanisms (22) with an effect on GSH synthesis since it downregulates the expression of γ-GCS (22). By this mechanism, it is thought that TGF-β 1 increases the citotoxicity to H 2 O 2 in the human alveolar epithelial cell line A549 (1). Additionally, it has been shown that TGF-β 1 inactivates γ-GCS in hepatocytes by protein cleavage induced by caspase activation (13) . Thus, we speculate that mechanisms involving TGF-β 1 release might participate at least in part, in the afore mentioned disruption of GSH metabolism in the hamster lung after IT elastase instillation.
Disruption in GSH metabolism
Alternatively, GSH loss could be explained by mechanisms not related to its antioxidant function. It is known that GSH has many other functions in inflammatory reactions. As an example, it participates in the formation of the very potent pro-inflammatory mediators cysteinyl leukotrienes (12). Thus, one could hypothesize that species differences in lung GSH-related formation of cysteinyl leukotrienes after elastase instillation could explain part of the observed differences in lung GSH content.
The drop in total GSH content was associated with a significant reduction in the activity of the GSH-related enzymes. Our results showed that the two enzymes of the GSH redox cycle, that are crucial in maintaining intracellular GSH/GSSG homeostasis showed a significant reduction in activity in the first hours after elastase instillation, preceding the reduction in γ-GCS activity. Both the magnitude of the reduction in enzyme activity and the recovery rate were found to be enzyme-specific. The mechanisms by which the activity of GSH-related enzymes is reduced in the hamster lung early after IT elastase are not understood and require further study. Nevertheless, it is possible to speculate that TGF-β 1 -related effects such as those already mentioned, could be involved in the reduction in γ-GCS activity. In addition, the three enzymes studied have been shown to be susceptible to oxidative inactivation by free radical species (2, 18, 42) . Since these enzymes differ in the amount and type of aminoacids which are susceptible to oxidation, differences in the profile of their transient inactivation could be related to differences in oxidative modification of essential aminoacid residues.
3.
Restoration of GSH levels to basal values after elastase-induced GSH depletion. Our study showed that restoration of intracellular GSH level in the hamster lung involved increased expression of the three enzymes studied, preceding the recovery in activity. The increase in GSH synthesis seems to be the most important mechanism involved since on one hand, γ-GCS expression and activity increased prior to the increment in glutathione content and, on the other hand, γ-GCS activity significantly correlated with GSH content during the recovery period. In this context, an increase in γ-GCS activity due to enzyme neo-synthesis and post-transductional mechanisms has been found by others to be associated with restoration of glutathione levels in lung cells and tissue after oxidative stress in several experimental conditions (32,36). With regard to the enzymes of the redox cycle, they could also play a role since their expression was also transiently increased; however no correlation was found by us between glutathione content and redox cycle enzyme activities during the recovery period.
4.
Functional inhibition of α1-AT in relation to the derangement in GSH metabolism in hamsters
The study of BALF showing that hamsters do not have the elastase-α1-AT complex formation found in rats, provides evidence of functional inhibition of α1-AT in the first hours after elastase treatment, in association with changes in GSH and related enzyme systems. Thus, the hamster is more susceptible to injury than it would be considering only its low α1-AT level.
5.
Species differences in basal lung GSH metabolism contributing to GSH response after elastase treatment .
Variations in basal lung glutathione-related antioxidant capacity between hamsters and rats that could contribute to species differences in GSH modifications after elastase have not been sistematically studied. We could find only one study comparing lung antioxidant enzymes between rats and hamsters that included at least one GSH-related enzyme. In that study, Bryan et al. (7), in agreement with our finding, showed that the rat lung has a higher GPx activity than the hamster lung.
In our study, although basal γ-GCS and GPx activities were lower in the elastase sensitive species, GRd activity was actually higher. The way we interpret our results is that steady-state GSH concentration in the hamster lung might depend more on the GSH redox cycle than on GSH synthesis. The high GRd activity maintains high levels of GSH, which by feed back inhibition determine a low level of synthesis. Thus the hamster lung could be considered as a GSH recycler. The opposite might be true for the elastase resistant rat lung in which steady-state concentration of GSH seems to depend more on GSH synthesis than on redox cycling (Table 2 and Figure 1 ).
Elastase treatment in the hamster, although affecting the three GSH-related enzymes, had a larger (75% inhibition) and longer lasting effect on GRd, precisely the main enzyme for GSH homeostasis in this animal. In our view, this is an example of species differences in basal GSH metabolism playing a role in species differences in GSH response to injurious agents.
6.
Lack of disruption of glutathione metabolism in the rat lung after IT elastase instillation.
At this point, we cannot exclude the possibility that differences in GSH metabolism after elastase instillation among hamsters and rats could be the result of species differences in the magnitude of elastase-induced diffuse alveolar damage. As a matter of fact, markers of acute lung injury were significantly different among hamsters and rats.
Whereas rats showed a large increase in alveolar-capillary permeability with little hemorrhagic changes, hamsters exhibited significant early hemorrhagic changes, suggesting the possibility of more severe acute lung injury in this animal. In this context, the lack of an effect on rat lung GSH metabolism after IT elastase instillation could only be the reflection of a less severe diffuse alveolar damage in comparison with the hamster. We propose that the high serum and lung α1-AT levels known to be present in the rat in comparison with the hamster (5,19) could limit the elastolytic attack to matrix components resulting in less TGF-β 1 -dependent effects on glutathione metabolism.
Notwithstanding the higher serum and lung level of α1-AT (5, 19), the maintenance of redox status in the rat lung during the stage of elastase-induced alveolar damage, contributes to preserve antiprotease function.
In conclusion, we have found significant species differences in GSH metabolism early after IT elastase instillation and an association between disruption in glutathione metabolism and more severe chronic lung damage in the hamster. Oxidant/antioxidant imbalance resulting from the disrupted glutathione metabolism in the first hours of elastase-induced acute lung injury in the hamster is associated with less functional α1-
AT that contributes to worsen elastase-induced protease-antiprotease imbalance, favoring a more severe emphysema development, since it has been shown that events that occur in the first hours or days after elastase instillation, largely determine the magnitude of permanent emphysema development (25).
Perspectives an significance. In the elastase model of emphysema, the hamster vulnerability to emphysema development relates to a derangement in the steady-state concentration of antioxidants that favors functional inhibition of the already low levels of α1-AT. The study suggests that antioxidant lung defenses are very important under conditions of low levels of antiproteases, a notion also applicable to deficiency of α1-AT in humans. Further studies using antioxidants could reduce disease severity in this model.
41.
Stockley RA, Afford SC. By comparison with the rat, the steady-state concentration of reduced glutathione (GSH) in the hamster lung seems to depend more on the GSH redox cycle than on GHS de novo synthesis. The high hamster GRd activity maintains high levels of GSH which in turn, determine a low level of synthesis by feedback inhibition.
On the other hand, in the rat, GSSG reduction is less prominent and part of the larger production of GSSG is exported, leaving lower levels of GSH that determine less feedback inhibition on the synthesis. Thus in the rat, the steady-state concentration of reduced GSH seems to depend more on de novo GSH synthesis than on redox cycling. Solid symbols represent the mean ± 1SEM.
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C: Relationship between total GSH content and γ-GCS activitity during the phase of restoration of GSH homeostasis. Solid lines correspond to the best fit curves.
Figure 7:
Western blots for BALF α1-AT from rats (A) and hamsters (B) at different time points after elastase treatment in comparison with control BALF samples..
In the rat blot (A) there was an increase in native α1-AT (52-60 kDa) up to 24 hours with a 88 kDa band and a 48 kDa band, likely corresponding respectively, to the [elastase+α1-AT] complex and the proteolytic fragment derived after complex formation.
In the hamster blot (B) these last two bands were not present, suggesting no samples. Control lanes show that BALF protein profile significantly differed from the serum profile in both species. As a result of elastase instillation, BALF total protein content largely increased in rats and barely in hamsters. Thus, BALF protein profile became similar to that in the serum at 24 hours in rats, whereas in hamster the 24 hours BALF protein profile did not resemble that in the serum, showing large differences in alveolar capillary permeability among the two species.
